; Northern Myotis consumed the highest volume of spiders (8.1%). Community similarity index values indicated diets of the three species of Myotis were more similar to each other (similarity = 0.71) than to those of non-Myotis. The diet of E. fuscus was more similar to that of the Myotis cluster (0.58) than to either species of Lasiurus. Results suggest that, despite faunal differences between the U.S. Northeast and other parts of North America, foraging relationships among guild members follows a similar pattern.
The role of resource partitioning in feeding guilds of insectivorous bats has been examined by a number of authors (e.g. Black 1974 , Carter et al. 2003 , Whitaker 2004 , Feldhamer et al. 2009 , Moosman et al. 2012 ). The diets of temperate insectivorous bats are closely related to factors such as foraging habitat (Aldridge and Rautenbach 1987; Furlonger et al. 1987) , climate (Moosman et al. 2012) , prey hardness (Aldridge and Rautenbach 1987; Furlonger et al. 1987) , characteristics of prey detection systems (Barclay and Brigham 1991) , cranial and wing morphology (Belwood and Fenton 1976; Freeman 1981) , and jaw musculature (Aldridge and Rautenbach 1987; Furlonger et al. 1987) . Since bat species have adapted to these factors differently their diet may reflect such adaptations (Aldridge and Rautenbach 1987) .
Most authors have defined guild structure according to differential prey utilization (Whitaker 1972; Kunz 1973; Black 1974; Whitaker et al. 1981; Griffith and Gates 1985; Warner 1985; Carter et al. 2003; Whitaker 2004; and Feldhamer et al. 2009 ). However, comparing results across studies is difficult because of variation in both bat diet and study methodology. Geographic dietary variation has been detected in well-studied species such as Eptesicus fuscus (Big Brown Bat) and Myotis lucifugus (Little Brown Myotis) (Moosman et al. 2012) . Studies in western North America reported relatively low volumes of coleopterans in the diet of Big Brown Bats, a species typically considered a coleopteran specialist (Freeman 1981) . Additionally, Whitaker and Lawhead (1992) reported high volumes of lepidopterans (71%) relative to other studies, in the diet of the generalist Little Brown Myotis.
Some authors described diets of bats using percentage volume (e. g. Whitaker 2004 ) whereas others used frequency of occurrence, or estimated number of insects consumed (e.g. Black 1974; Brigham and Saunders 1990) . More recently, Whitaker (2004) and Feldhamer et al. (2009) described insectivorous bat feeding guilds by examining relatedness of diets of bat species in a guild. Both studies utilized community similarity and diversity indices to examine the feeding guild relationships of bat communities in the northern contiguous U.S., with Whitaker (2004) reporting on bats from Indiana and Feldhamer et al. (2009) on bats from Illinois.
The bat community of northeastern North America consists of nine species with the genus Myotis accounting for the largest portion (three species). In both northern Massachusetts and southern New Hampshire the community typically consists of six or seven species: Big Brown Bat (Eptesicus fuscus), Eastern Red Bat (Lasiurus borealis), Hoary Bat (L. cinereus), Northern Myotis (Myotis septentrionalis), Little Brown Myotis (M. lucifugus), Eastern Small-footed Myotis (M. leibii), and Tricolored Bat (Perimyotis subflavus). The presence of Eastern Small-footed Myotis and the rarity of the Silver-haired Bat (Lasionycteris noctivagans) in northeastern North America make this particular community unique among dietary studies, as does its lack of Indiana Myotis (Myotis sodalis). Although others have examined the diets of bat communities containing some of the same species in other localities (e.g., Griffith and Gates 1985; Carter et al. 2003; Whitaker 2004; and Feldhamer et al. 2009 ) there have been no comprehensive dietary studies of bat communities in New England.
The purpose of this study was to identify prey eaten by bats from north-central Massachusetts and southern New Hampshire, to examine the similarity of prey consumed by bats in this community, and compare our results to those of other studies. This dietary study represents the only one to examine a community of bats that includes the Eastern Small-footed Myotis, which is currently under review to be listed under the U.S. Endangered Species Act.
Study Area and Methods

Study areas
Bats 
Capture of bats
Bats were captured using mist nets. Nets were placed across access roads and less often across woodland streams or rivers, or perpendicular to the edges of grassy openings. Following capture each bat was identified and then placed in an individual cloth bag for approximately 20 minutes to collect fecal pellets. Fecal pellets were stored in plastic vials. Bats were released at their site of capture. Methods used to handle bats followed guidelines of the American Society of Mammalogists (Sikes et al. 2011) and were approved by the Animal Care Committee of Fitchburg State University (Fitchburg, Massachusetts).
Sample analysis and prey identification
Fecal pellets were wetted with 70% isopropyl alcohol and teased apart using dissecting tools while being viewed through a dissecting microscope. All pellets from a single bat were pooled as a single sample. Prey items were identified to order and family (when possible) using a reference collection of arthropods from the sampling locations as well as elsewhere in the region.
The percentage volume of each prey item for each sample was visually estimated and the mean percentage volume for each prey item was calculated for each bat species following methods of Whitaker (1988) , which have been widely used across dietary studies. Visual estimation of volume has been the most commonly used method to quantify diet (Moosman et al. 2012) and it was used to facilitate comparison with the greatest number of studies (Whitaker 1972; Whitaker et al. 1981; Griffith and Gates 1985; Whitaker and Lawhead 1992; Whitaker 1995; Agosta and Morton 2003; Carter et al. 2003; Whitaker 2004; Whitaker and Barnard 2005; Johnson and Gates 2007; Moosman et al. 2007; Feldhamer et al. 2009 ).
Additionally, percentage occurrence of each prey item was calculated for each bat species. A list of prey items with respective mean percentage volume and percentage occurrence values was developed for each bat species (Table 1) , and comparisons of prey community similarities were made using Jaccard Similarity Coefficients (Sneath and Sokal 1973) . This allowed comparison of our data with those obtained by Whitaker (2004) and Feldhammer et al. (2009) .
Results
During 26 
Prey consumed Eptesicus fuscus (n=100).
Big Brown Bats fed primarily on seven families of beetles (Order Coleoptera). Beetles occurred in the diet of 97of 100 samples examined (97%) and constituted the greatest volume of food consumed (mean percentage volume and standard error are reported: 81.6%±2.7) ( Table 1) . In most samples a portion of the beetle material reported was identifiable only to the ordinal level (21.8%±2.9). Of the beetle material identified to the family level those in Scarabaeidae and Carabidae were the most prominent. Less often consumed were beetles of the families Curculionidae, Elateridae, Dytiscidae, and Tenebrionidae (Table 1) . The carabid beetle genus Calathus was identified in the foods of 3 of 100 Big Brown Bats and represented a mean volume of 0.9%±0.6. Moths (Order Lepidoptera) were the second most commonly consumed arthropods occurring in 29% of the samples and a mean percentage volume of 4.4%±1.1 (Table 1 ). This was followed by the orders Hymenoptera and Hemiptera, unidentified insect remains, and the order Diptera. Remaining prey were of the orders Acari, Trichoptera, Orthoptera, Neuroptera, and Odonata.
Myotis lucifugus (n=154)
Little Brown Myotis from our study fed prominently on lepidopteran insects (Table 2) . Lepidopterans occurred most frequently (82%) and represented the greatest volume (30.7%±2.5) in the diet of this bat. This species also utilized the widest array of prey in this study. Other important prey (>1% volume) were in descending order: Coleoptera, Diptera, Trichoptera, Hymenoptera, Hemiptera, and Neuroptera. Each of the above orders was similarly arranged in descending order of frequency of occurrence. Occurring in lesser volumes (<1%) were prey from Araneae, Acari, Orthop tera, Ephemeroptera, Plecoptera, Blattodea (formerly Isoptera), and Psocoptera. The following families within the above orders were identified: seven families of Coleoptera, five families of Diptera, four families of Hemiptera, two families of Hymenoptera, and a single family of the order Orthoptera was also found (Table 1) .
Myotis septentrionalis (n=49) Northern Myotis had a diet similar to Little Brown Myotis with lepidopteran insects representing the highest occurrence (82%) and highest mean percentage volume (42.7%±5.1). Other prey occurring with a mean percentage volume of ≥1% were: scarabaeid and carabid beetles as well as unidentified Coleoptera, Trichoptera, Araneae, Diptera, and Hymenoptera. Chironomids and Ichneumonid wasps were the only family of dipterans and hymenopterans identified, respectively. Northern Myotis consumed the highest amount of spiders of the species studied (Table 1) in line with their gleaning behavior.
Myotis leibii (n=54)
Foods eaten by the Eastern Small-footed Myotis in our study area were previously reported (Moosman et al. 2007 ) but we have incorporated an additional 15 samples. As with the other two species of the genus Myotis, Eastern Small-footed Myotis consumed moths at both high frequency of occurrence and volume (Table  1) . After moths, Coleoptera and Diptera were the two most common prey items eaten by the Eastern Smallfooted Myotis (Table 1) . Of prey items identified to family, chironomid flies, ichneumonid wasps, small scarabaeid, carabid and curculionid beetles, and crane flies (Tipulidae) were the most abundant components (Table 1) .
Lasiurus borealis (n=9)
The Eastern Red Bat fed most frequently on lepidopteran (100%) and coleopteran (56%) insects (Table  1) . Both of the above orders of insects also represented the greatest volumes in this bat's diet, with lepidopterans accounting for a mean percentage volume of 62.8%±10.0 and coleopterans 23.0%±8.6. Other insect prey found in volumes ≥1% included trichopterans, dipterans, orthopterans, hymenopterans, and neuropterans. Hemipteran insects constituted 0.9%±0.9 of the volume of the fecal sample from one Eastern Red Bat. Coleopteran families identified as prey in cluded Scarabaeidae, Carabidae (including the genus Calathus), Chrysomelidae, Tenebrionidae, and Elateridae. Scarabaeid beetles accounted for only 3% of the volume in the single sample in which they were found, elaterid beetles represented 30% of the volume of the one sample in which they were found, and the carabid beetle genus Calathus accounted for 50% of the volume of the single sample in which it was found (Table  1) .
Lasiurus cinereus (n=1)
The single Hoary Bat sample from our study revealed that 82% of the volume was made up of moths and the remaining volume consisted of hymenopterous insects (Table 1) .
Prey Community Similarities
All species of bats reported showed a strong tendency to feed on terrestrial insects (i.e., beetles, moths, most of the dipterans, and hymenopterans). All three species of the genus Myotis that occurred in the community of bats at our study sites had diets that were relatively similar (Figure 1 ) (community similarity value among the three species of 0.71). The diets of Eastern Small-footed and Little Brown Myotis were even more similar (0.78). The diets of the three species of Myotis were more similar to each other than to those of other guild members. Dependence on beetles in the diet of the Big Brown Bat made its diet distinct from those of the three species of Myotis but more similar to them than to the diets of Eastern Red Bat or Hoary Bat (Table  1) . The similarity value of the Big Brown Bat's diet (0.58) places it between the cluster of Myotis and the Eastern Red Bat (Figure 1) . The two Lasiurus species were relatively distinct in comparison to the other species in the guild (Figure 1) . The diet of the Eastern Red Bat was more similar to the diet of the Big Brown Bat than to the diet of the Hoary Bat.
Discussion
Results of the present study add to a limited body of information about food habits of bats from New England. Anthony and Kunz (1977) presented information on foods eaten by Little Brown Myotis in New Hampshire. Moosman et al. (2007) provided some of the first records for foods of the Eastern Small-footed Myotis, and Moosman et al. (2012) reported the four most used categories of food eaten by Little Brown Myotis and the Big Brown Bat in this region in context of the diet of these species throughout their ranges. Our findings represent the first published records of foods for the Northern Myotis, Eastern Red Bat, and Hoary Bat in New England. Our results show how relationships among guild members compare to patterns reported from other North American bat communities.
Eptesicus fuscus
Our data indicated that Big Brown Bats preyed on beetles most frequently and in the highest proportion of volume of any prey items, and our data are in agreement with reports by most other investigators (Hamilton 1933; Whitaker et al. 1981; Griffith and Gates 1985; Brigham and Saunders 1990; Whitaker 1995; Agosta and Morton 2003; Carter et al. 2003; Whitaker 2004; Feldhamer et al. 2009 ). The predominance of beetles is in keeping with the recognized niche of this bat as a beetle specialist (Freeman 1981) or strategist (Black 1974) . High incidence and volume of beetles of the families Scarabaeidae and Carabidae are likewise similar to values reported by Whitaker (1972) and Griffith and Gates (1985) . However, moths were the second most important prey item of Big Brown Bats in our study, and this finding differs from most other studies. These differences may have been at least partially influenced by climatic differences between sites or by the time of year the bats were netted. Moosman et al. (2012) offered evidence that moths are used less often by big brown bats in regions with particularly high summer precipitation, such as New England.
Myotis species
Little Brown Myotis in New Hampshire consumed moths most frequently and at the highest percentage volume of all food items. These results are similar to those reported from Indiana (Whitaker 1972) , New Hampshire (Anthony and Kunz 1977) , and West Virginia (Carter et al. 2003) . Moths were second to beetles in the diet of Little Brown Myotis from western Maryland (Griffith and Gates 1985) . However, our results contrast to those of Whitaker (2004) in which moths were found at a lower volume compared to dipterans in the diet of the Little Brown Myotis in Indiana. Our results are similar to those found by Carter et al. (2003) , in which the descending percent volume order was Diptera, Trichoptera, Coleoptera, Hymenoptera, and Homoptera.
Our data showed that Northern Myotis fed heavily on moths. These results are similar to those reported by Whitaker (1972) and Griffith and Gates (1985) but in contrast to Carter et al. (2003) and Whitaker (2004) . The next most frequently eaten arthropod by Northern Myotis in New Hampshire was beetles. Griffith and Gates (1985) listed beetles as the second most frequently occurring food item for this bat in western Maryland. According to volumetric data, Northern Myotis from New England ate fewer beetles than those in West Virginia (Carter et al. 2003) , Indiana (Whitaker 2004) , or southern Illinois (Feldhamer et al. 2009 ).
Remaining prey taxa are similar to other studies with two exceptions. Whitaker (2004) reported dipterans as having the highest percentage volumes in the diet of Northern Myotis from Indiana. Whitaker (2004) and Feldhamer et al. (2009) Whereas Indiana is primarily an agricultural state, New Hampshire has minimal agriculture and is heavily forested. The Northern Myotis is a forest-dwelling bat, and this suggests why it may encounter spiders in forested sites such as New England more frequently than in the more fragmented agricultural landscapes of Indiana.
Lasiurus species
The diet of the Eastern Red Bat reported here is similar to that reported elsewhere. The predominance, by volume and occurrence, of moths and beetles has been reported for Eastern Red Bats in West Virginia (Carter et al. 2003 ) and in Indiana (Whitaker 2004) . The diet of our single Hoary Bat was similar to that reported elsewhere. Whitaker (1972) reported that the diets two of three Hoary Bats from Indiana consisting of 100% moths. Five individuals from West Virginia consumed moths at a volume of 98% (Carter et al. 2003) . The remaining volume of our single hoary bat was unidentified Hymenopteran (not ichneumonid wasps). Warner (1985) is the only other study to report hymenopterans in the diet of Hoary Bats.
Dietary similarity within the feeding guild is in agreement with Whitaker (2004) for bats from Indiana and with Feldhamer et al. (2009) for bats from Illinois. The pattern of dietary similarity between Myotis species differs only in that the Indiana Myotis is present in data from Indiana and Illinois, whereas the Eastern Small-footed Myotis is present in the study area reported here. The diet of Big Brown Bats, reported here, is most similar to the myotine bat cluster than either of the lasiurine species. These results are in contrast to those of both Whitaker (2004) and Feldhamer et al. (2009) who found that the Big Brown Bat's diet was most similar to that of the Evening Bat (Nycticeus humeralis) which is absent from the bat community in northern New England.
Differences in diet of bats at our sites relative to other regions could be the result of any number of factors. However, we suspect they reflect the convergence of local climate, prey assemblages, and intraspecific interactions in a bat community with relatively little diversity. Moosman et al. (2012) attributed dietary shifts in such feeding guilds to climate-related differences in the availability of arthropods more than to the diversity of bat species. However, the effects of interspecific competition among insectivorous bats are poorly understood. Thus we encourage authors to report community similarity values in future dietary studies in order to facilitate comparisons across regions.
